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Abstract. Asyiah IN, Prihatin J, Hastuti AD, Winarso S, Widjayanthi L, Nugroho D, Firmansyah K, Pradana AP. 2021. Cost-effective 

bacteria-based bionematicide formula to control root-knot nematode Meloidogyne spp. in tomato plants. Biodiversitas 22: 3256-3264. 

The root-knot nematode, Meloidogyne spp. can infect and cause loss production in various horticultural plants, including tomatoes. In 

the previous study, we found 3 endophytic bacteria isolates and 1 rhizobacterium isolate that could control several plant-parasitic 

nematodes. In this study, we formulated these bionematicide isolates with cheap and environmentally friendly organic materials. The 

formula was fortified using several organic matters, vitamin sources, protein sources, and sugar sources. The research was conducted in 

an experimental land with a history of severe root-knot nematode infection. The analysis showed that there were 63.7 J2 Meloidogyne 

spp. per 100 ml of soil on the experimental land. The application was given at a time interval of 2 weeks at the concentration of 0.5%, 

1%, 1.5%, and 2%, with a dose of 100 ml per plant. As a negative control, the plant did not give any treatments, and as a positive 

control, the plant was given 5 g carbofuran per plant. The results revealed that treatment with 2% bionematicide formula concentration 

showed the best consistent result. This treatment increased canopy wet weight by 38.63% and root dry weight by 106.97% compared to 

negative control. The P4 treatment was also found effective to increase fruit weight by 33.61% and fruit diameter by 26.16% as 

compared to negative control. Increased plant growth in P4 treatment was closely related to the total of root-knot suppression and root 

damage intensity. In the P4 treatment, the total of root-knots and root damage intensities was 44.83% and 32.66%, respectively, 

compared to the negative control. This suppression also occurred in the nematode population and nematode eggs. In the P4 treatment, 

the total of Meloidogyne spp. J2 in soil and root was lower by 60.74% and 66.24%, respectively, compared to the negative control. A 

similar phenomenon also occurred in the total of eggs, which was 79.40% lower than the total of eggs in the negative control. This study 

provides the latest information about a cost-effective bacteria-based bionematicide formula, which is effective in suppressing 

Meloidogyne spp. infection in tomato, and promotes the growth and development tomato plant.  
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INTRODUCTION 

The root-knot nematode, Meloidogyne spp., is known to 

be a cosmopolite nematode that infects more than 2000 

plant species (Subedi et al. 2020). In Indonesia, the root-

knot nematodes have been reported to infect food, spice, 

plantation, and horticulture plants in various regions. 

Kurniawati et al. (2020) reported that M. incognita was 

found in celery plants in Bogor District, West Java, 

Indonesia. Moreover, Igensius and Syaifudin (2019) 

reported that M. javanica was identified to infect tomato 

plants in Samarinda, East Kalimantan, Indonesia. Tomato 

plants infected with Meloidogyne spp. showed a symptom 

of knots occurrence in the root. Knots are formed due to the 

physiological disruption in plants induced by root-knot 

nematode (Philbrick et al. 2020). The root that is the 

feeding site of Meloidogyne spp. can modify its cell, 

thereby increasing the cell size. The enlarged size is then 

called the giant cell (Olmo et al. 2019).  The occurrence of 

plant root-knot infected with Meloidogyne spp. causes the 

disruption of nutrient and water absorption systems from 

the soil. This phenomenon causes disrupted plant growth, 

followed by other symptoms, such as withering, stunting, 

and decreased yield (Collett et al. 2021). The yield loss due 

to the root-knot nematode infection is reported to vary 

depending on the nematode species that infected the host 

(Kayani and Mukhtar 2018). Different species and host 

varieties infected with Meloidogyne spp. can provide 

different yield losses. Mukhtar (2018) reported that the 

yield loss due to Meloidogyne spp. infection in tomato 

plant reaches up to 40%, while the severe infection leads to 

higher yield loss. The root-knot nematode infection can 

even cause total yield loss or mortality in host plants if it is 

followed by secondary infection, such as fungi or 

pathogenic bacteria (Beyan et al. 2019). Kumar et al. 

(2017) reported that the Meloidogyne spp. and Fusarium 
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oxysporum infections in tomato plants cause host mortality. 

A similar condition was also reported by Furusawa et al. 

(2019), who stated that the Meloidogyne spp. and Ralstonia 

solanacearum infections in tomatoes cause a total yield 

loss.     

Various attempts have been made to control the root-

knot nematodes in tomato plants. Nevertheless, 

Meloidogyne spp. infection in tomato land, mainly in 

conventional land owned by the farmer, has still become a 

problem that cannot be handled completely. Further. It is 

necessary to discover cheap, applicable, effective, and 

efficient solutions to overcome this problem. An effort that 

can be done is to develop a bionematicide formula with the 

active materials of antagonistic bacteria (Viljoen et al. 

2019; Mosahaneh et al. 2021). In previous study, we found 

8 bacterial isolates including 6 endophytic bacteria and 2 

rhizobacteria. These bacteria were reported to be capable of 

controlling coffee plant root-lesion nematodes either in 

single-use (Asyiah et al. 2015; Asyiah et al. 2018) or in 

consortium form (Asyiah et al. 2020). The characterization 

results showed that the isolates produced protease and 

chitinase extracellular enzymes. In another way, eight 

isolates were also able to fix nitrogen and dissolve 

phosphate (Asyiah et al. 2015; Asyiah et al. 2018). 

Endophytic bacteria are defined as bacteria whose life 

cycle is partially or entirely exists in plant tissue without 

causing symptoms for their host plant (Latha et al. 2019). 

Meanwhile, rhizobacteria are bacteria that live in the plant 

rooting region (Goswami and Suresh 2020). Both 

endophytic bacteria and rhizobacteria are reported to have a 

mutualism symbiosis with their host plant (Singh 2018). 

The host plant provides nutrients and niche for bacteria, 

while endophytic bacteria and rhizobacteria produce 

secondary metabolites to protect the plant (Oleńska et al. 

2020). Protease enzyme produced by bacteria has a vital 

role in controlling the root-knot nematodes. Protease can 

lyse the nematode body surface and cause mortality in 

nematodes (De Souza Gouveia et al. 2017). Moreover, 

chitinase enzyme also has a similar mechanism to that of 

protease because chitinase enzyme can cause mortality in 

nematodes (Soliman et al. 2019). The capability of 

endophytic bacteria and rhizobacteria in nitrogen fixation 

and phosphate dissolution is also promoted growth in 

tomato plants. Yavarian et al. (2021) reported that nitrogen 

fixating bacteria in tomatoes effectively increased plant 

growth. In a separate report, Zhang et al. (2017) reported 

that phosphate dissolving bacteria from Pseudomonas sp. 

and Bacillus sp. genera could also promote tomato plant 

growth either in the greenhouse or in field.      

The bacteria discovered are required to be formulated to 

simplify the application in the field by farmers, increase the 

preservation period, and to maintain their effectiveness. 

The endophytic bacteria and rhizobacteria formulation can 

be done in liquid form or in compost-enriched bacteria 

(Patel et al. 2021). Soumare et al. (2020) reported that the 

essential condition in antagonistic bacteria formulation was 

sufficient nutrient availability during the preservation 

process and formula capability to maintain the viability of 

the bacterial cells during the preservation period. In 

general, bacteria will provide a higher preservation 

capability in liquid formulation. The availability of 

abundant water can be additional nutritious material and a 

cell protectant that is more abundant and evenly. Moreover, 

a formula in liquid form is also reported to be more 

sustainable against temperature stress during the 

preservation period or distribution process (Fasusi et al. 

2021). In a separate report, Chaudhary et al. (2020) stated 

that the antagonistic bacteria formula should fulfill several 

criteria, such as (i) providing a suitable micro-environment 

for microbes; (ii) having physical and chemical 

characteristics to support during the preservation period; 

(iii) organizable pH carrying media; (iv) stable during the 

preservation period; (v) allowing rapid and controlled 

release of bacteria; (vi) economical and environmentally 

friendly. The carrying materials that may be used in the 

antagonistic bacteria formulation are peat, coal, clays, 

lignite, inorganic soil, charcoal, composts, plant waste 

materials, and other organic materials (Çakmakçı 2019). 

The effectiveness of bacteria formula as bio nematicides 

have been reported by several researchers. Pradana (2016) 

reported that compost-enriched endophytic bacteria were 

effective in controlling the Meloidogyne spp. root-knot 

nematode in the tomato plants. Nagachandrabose (2018) 

also reported that the liquid formula composed of molasses 

mixture and antagonistic bacteria effectively controlled 

root-knot nematodes in carrot plants. In this study, we 

formulated endophytic bacteria and rhizobacteria that were 

previously isolated, identified, and characterized using 

liquid carrying material fortified with the organic materials. 

The formula was then tested for its effectiveness in 

controlling the Meloidogyne spp. in tomato field. 

MATERIALS AND METHODS 

Study area and research period  

The study was performed from October 2020 to January 

2021 in tomato infected root-knot nematodes land owned 

by the farmers in Sumber Ketempah Village, Jember 

District, East Java, Indonesia. 

Bacterial isolates 

The bacterial isolates used were: 3 endophytic bacteria 

and 1 rhizobacteria belong to two genera, Pseudomonas 

and Bacillus (Table 1). All bacteria were identified and 

characterized in the previous study. Each isolate was tested 

for its compatibility, finding that all isolates were 

compatible to be combined in a consortium (Asyiah et al. 

2015; Asyiah et al. 2018). 

 

 

 
Table 1. Bacterial isolates used in the study  

 

Isolate 

code 
Bacterial species Status Reference 

SK07 Bacillus sp. Endophyte (Asyiah et al. 

2015; 2018) SK14 Bacillus sp. Endophyte 

KB14 Bacillus sp. Endophyte 

PD01 Pseudomonas dimunita Rhizobacteria 
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Table 2. Physical characteristics of the experimental land 

  

Fraction 
Diameter 

(µm) 

Percentage 

(%) 

Total percentage 

(%) 

Sand >1000 18.65 62.1 

500-1000 6.25 

200-500 19.36 

100-200 12.44 

50-100 5.40 

    

Dust 20-50 6.35 26.83 

10-20 3.81 

2-10 16.67 

    

Clay 0.05-2 3.20 11.07 

0-0.05 7.87 

 

Cost-effective bionematicide formulation 

The bacterial consortium suspension was produced 

using Bean Sprout Extract Broth (BSEB). 200 g of bean 

sprout was boiled in 1000 ml of aquadest to make BSEB 

broth. The suspension was then filtered by separating the 

bean sprout from its extract. The bean sprout extract was 

mixed with 20 g sugar and sterilized with an autoclave 

(Ilmi et al. 2019). 

One Ose from each isolate was cultured in 250 ml Bean 

Sprout Extract Broth (BSEB) in Erlenmeyer flask for 48 

hours at 30˚C and rotated at 300 rpm. The total of 

Erlenmeyer flask used was 30 flasks, therefore obtained 

7500 ml bacterial consortium suspension.    

As carrying materials, wet cow manure, vitamins, 

amino acids, and sugar were used with the detailed 

composition, which was the confidential trading condition 

of Tiga Kreasi Bersama Limited Partnership 

(Commanditaire Vennootschap), Indonesia. All materials 

were then mixed with 1000 L water equipped with a 

filtered air pump to prevent anaerobic conditions. The 7500 

ml bacterial consortium suspension was then mixed with 

1000 L carrying materials. After mixing, the bacterial 

consortium was then incubated in the following formula for 

30 days before being used. The suspension formed after 30 

days of incubation was then called a bionematicide.  

Experimental land condition 

The land used for the experiment was analyzed for its 

physical, chemical, and biological characteristics. The 

texture of 10 fractions was observed on the initial 

experiment using the pipetting and soil fraction percentage 

calculation methods. Based on the fraction percentage 

analysis, physical characteristics of soil is presented in 

Table 2. 

The chemical characteristics of soil observed in the 

initial experiment were organic-C, total N, available P, 

available K, and pH H2O levels. The chemical 

characteristics of soil are presented in Table 3. 

Furthermore, biological characteristic of soil was 

observed by the population of root-knot nematode J2. From 

20 sampling points, it was recorded that 63.7 of 

Meloidogyne spp. J2 root-knot nematode averagely existed 

per 100 ml soil in the land used for the experiment.     

Field experiment 

The SL 283 tomato variety was used in the experiment. 

This variety was mainly planted by farmers in Jember 

District, East Java, Indonesia, and was reported to be 

susceptible to the root-knot nematode infection. The tomato 

seeds with 4 true leaves were taken into the land and 

planted on beds covered with plastic mulch. Planting was 

performed in a randomized design with 6 treatments and 5 

replications. Each replication contained 16 experimental 

plants, therefore, total 480 whole tomatoes were planted in 

the experiment. Carbofuran active compound-based nematicide 

was used as positive control and no nematicide materials 

were used in negative control (Liu et al. 2020). In detail, 

the treatments used in this study are presented in Table 4. 

The K+ treatment was only applied once on the initial 

planting, while the P1, P2, P3, and P4 treatments were 

applied once in 2 weeks for 3 months. The dose applied for 

P1 to P4 treatments was 100 ml per plant. Moreover, 

tomato plants in all treatments were fertilizer based on the 

dose recommended for tomato plant fertilization. After 

being planted, the tomato plants were maintained for 3 

months until bearing fruit.        

Variables observed were plant height, canopy wet 

weight, root wet weight, canopy dry weight, root dry 

weight, total of knots in roots, root damage intensity, total 

of Meloidogyne spp.  J2 in soil and root, total of 

Meloidogyne spp.  eggs, weight per tomato fruit, and total 

of fruits per plant. All variables were observed in the final 

study. The root damage intensity was calculated based on 

the root damage scale according to Zeck scale (Giné and 

Sorribas 2017). Furthermore, the total of Meloidogyne spp. 

J2 was calculated by extracting all nematodes with white 

head-tray method in soil and condensation method in the 

root (Bell and Watson 2001). The extracted nematodes 

were then calculated their population and the occurrence 

percentage of Meloidogyne spp. J2. The calculation result 

was then used to convert the total of J2 in soil and in the 

root. In addition, the extraction of nematode eggs from roots 

was performed using 2% sodium hypochlorite following 

the protocols described by Kayani and Mukhtar (2018).  
 

Table 3. Chemical characteristics of soil in experimental land 

  

Characteristics Value 

Organic-C 0.89 g 100 g-1 

Nitrogen  0.1 g 100 g-1 

C/N Ratio 9 

P2O5 56 mg 1000 g-1 

Morgan K2O 529 ppm 

pH H2O 6.4 

 
 

Table 4. Treatments used in field experiment 

 

Treatment 

code 
Note 

K- Without additional materials  

K+ 5 g carbofuran per plant on the initial planting  

P1 0.5% bionematicide formula 

P2 1% bionematicide formula 

P3 1.5% bionematicide formula 

P4 2% bionematicide formula 
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Data analysis 

Data were analyzed using Analysis of Variance 

(ANOVA), if there was a difference, the analysis was 

continued using a continuous test following the Duncan 

Multiple Range Test (DMRT) method with 95% degree of 

confidence. The analysis was performed using the 

DSAASTAT version 1.101 program (Munif et al. 2019). 

RESULTS AND DISCUSSIONS 

Tomato plant growth 

The result exhibited that tomato plants treated with 

various concentrations of cost-effective bacteria-based 

bionematicides, showed varied growth.  Plants treated with 

the bionematicide formula showed 5.66% to 6.58% higher 

plant height compared to K-, which was statistically 

insignificant. In the canopy wet weight variable, P4 

treatment showed the best performance. The average 

weight of wet canopy in P4 treatment was 101.9 g, which 

was 38.63% higher than that of K-. Statistically, only P4 

treatment showed a significant difference compared to the 

K-and other treatments. The observation of canopy dry 

weight variable showed that there was an insignificant 

difference among treatments. Although the canopy dry 

weight treated with the bionematicide formulas notified the 

value of 8.66% to 45.11% higher than the K-, and had 

statistically insignificant differences.  

Furthermore, in root wet weight, all bionematicide 

formulas had insignificant differences. Although the 

bionematicide formula application generally increases the 

root wet weight, these treatments were statistically 

insignificant. The root wet weight showed an insignificant 

performance, the application of bionematicide formula 

could significantly increase the root dry weight. The root 

dry weight of P1, P2, P3, and P4 treatments were 2.26 g, 

2.26 g, 2.488 g and 2.67 g, respectively. Whereas in K-and 

K+ treatment the average root dry weight was 1.29 g and 

1.39 g, respectively. The higher root dry weight was noted 

as 75.19% each in (P1 and P2 treatments) and 92.24% in 

P3 treatment and 106.97% in P4 treatment than K-. The 

average data of tomato plant growth in various treatments 

are presented in Table 5. 

Tomato plant production 

Tomato production in plants treated with the various 

concentrations of bionematicide formula showed different 

results. The K+, P1, P2, and P3 treatments were 

insignificantly different from K-treatment in the fruit 

weight variable. Plants treated with the P4 treatment 

showed significantly different fruit weight than K-and K+ 

treatments. The average fruit weight in plants treated with 

the P4 treatment was 34.54 g, which indicates a difference 

of 33.61% compared to K-.   

The fruit diameter variable also had a similar pattern to 

the fruit weight. Plants with K+, P1, P2, and P3 treatments 

were insignificantly different from K-. In P4 treated plants, 

the average diameter of fruit was 4.34 cm, which was 

26.16% higher than K-. The P4 treatment was the only 

treatment that obtained a significantly different value 

compared to K-. 

All treatments showed significant difference in total 

fruit per plant. In P1 to P4 treatments, the total fruit 

difference was 3.57% to 31.25% higher than the K-that had 

statistically insignificant difference. Moreover, the average 

fruit weight, fruit diameter, and total of fruit per plant is 

presented in Table 6. 

 

 

 
Table 5. Average of tomato plant growth 

 

Treatments Plant height (cm) Canopy wet weight (g) Canopy dry weight (g) 
Root wet weight 

(g) 

Root dry weight 

(g) 

K- 61.80a ± 4.29 73.50a ± 11.83 7.27a ± 0.67 30.50a ± 10.44 1.29a ± 0.53 

K+ 62.63a ± 9.63 73.22a ± 14.39 7.26a ± 2.02 30.64a ± 3.51 1.39a ± 0.31 

P1 65.30a ± 14.74 73.58a ± 10.11 7.90a ± 1.72 30.01a ± 5.71 2.26b ± 0.67 

P2 65.75a ± 11.34 73.64a ± 12.43 8.81a ± 1.50 33.84a ± 8.05 2.26b ± 0.59 

P3 65.42a ± 7.59 73.77a ± 9.04 10.40a ± 3.47 33.33a ± 6.93 2.48b ± 0.55 

P4 65.87a ± 13.60 101.90b ± 30.59 10.55a ± 4.57 36.57a ± 1.61 2.67b ± 0.85 
Note: Numbers in the column followed by the same letter were insignificantly different at the p-value of 0.05 (Duncan Multiple Range Test). 

 

 
Table 6. Average of tomato plant production 

   

Treatments Fruit weight (g) Fruit diameter (cm) Total of fruits per plant 

K- 25.85a ± 2.57 3.44a ± 0.32 22.40a ± 4.04 

K+ 25.84a ± 4.11 3.55a ± 0.49 22.80a ± 4.97 

P1 27.31a ± 3.65 3.77ab ± 0.30 23.20a ± 3.96 

P2 27.51a ± 1.89 3.83ab ± 0.49 25.00a ± 5.83 

P3 29.21ab ± 7.60 3.83ab ± 0.41 26.40a ± 5.37 

P4 34.54b ± 0.92 4.34b ± 0.38 29.40a ± 5.37 
Note: Numbers in the column followed by the same letter were insignificantly different at p-value of 0.05 (Duncan Multiple Range Test). 
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Nematode infection and population  

The application of bionematicide formula in tomato 

plants showed various responses in the pathological 

variable. The bionematicide formula application with 2% 

concentration (P4) suppressed the total of root-knots 

significantly. In P1 to P3 treatments, averages of root-knots 

decreased from 14.30% to 39.72% compared to K-, had a 

statistically insignificant difference. In the P4 treatment, 

the average of root-knots was 61.36, recorded 44.83% 

lower than K-treatment. 

A similar pattern was also shown in the root damage 

intensity variable. In root damage intensity, K+, P1, P2, 

and P3 treatments had insignificant difference compared to 

K-. The bionematicide formula treatment with 0.5% to 

1.5% doses exhibited lower damage intensity values than 

K-and statistically insignificant. In P4 treatment, the 

average root damage intensity value was 2.02, and 32.66% 

lower than K-. The P4 treatment became the only treatment 

that obtained a significant difference to K-in the root 

damage intensity value. The average of the total root-knots 

and root damage intensity in each treatment is presented in 

Table 7. 

In the total of Meloidogyne spp. J2 in soil, P3 and P4 

treatments significantly decrease J2 population in soil 

compared to K-. The K+, P1, and P2 treatments showed an 

insignificant difference compared to K-. In P3 treatment, 

the average population of Meloidogyne spp.  in soil was 

23.94, while in P4 treatment it was 21.42. Compared to K-

(54.56), the total of nematodes was found to be lower in P3 

and P4 56.12% and 60.74%, respectively. 

In the total of Meloidogyne spp.  J2 observation in the 

root, K+ and P1 treatments were insignificantly from K-. 

Treatments that were significantly different from the K-

(31.11) were the P2 (24.33), P3 (17.17), and P4 (10.50).    

In P2, P3, and P4 treatments, the average of Meloidogyne 

spp. J2 population in plant root was lower 22.14%, 44.80%, 

and 66.24% than K-, respectively. Moreover, results of 

total Meloidogyne spp. eggs per 5 g tomato root showed 

that  K+ and P1 treatments were insignificantly different 

from K-. The P2 treatment was significantly different from 

K-, but insignificantly different from K+. Treatments that 

showed a significantly different result from K-and K+ were 

P3 and P4. If compared to K-(141.67), the average of 

nematode eggs in P3 (28.67) and P4 (29.17) treatments 

were lower at 79.76% and 79.40%. Furthermore, data 

related to the average total of Meloidogyne spp. J2 in soil 

and in the root, and the average total of Meloidogyne spp.  

eggs in each treatment are presented in Figure 1. 

 

 

 
Table 7. Total of knots and root damage intensity in various 

treatments 

  

Treatments Total of root-knots Root damage intensity 

K- 111.22b ± 15.21 3.00b ± 0.63 

K+ 112.12b ± 30.22 2.93b ± 0.86 

P1 95.31ab ± 33.06 2.74ab ± 0.91 

P2 96.47ab ± 54.10 2.45ab ± 0.61 

P3 67.04ab ± 17.42 2.26ab ± 0.84 

P4 61.63a ± 15.86 2.02a ± 0.64 

Note: Numbers in the column followed by the same letter were 

insignificantly different at p-value of 0.05 (Duncan Multiple Range Test). 

 

   

 
 

 
 

Figure 1. Average of (A) J2 Meloidogyne spp. in soil; (B) Meloidogyne spp. in root; and (C) Meloidogyne spp. eggs in root  
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Discussion 

Plant growth is commonly affected by internal and 

external factors. One of the external factors that mainly 

contribute to plant growth is nutrient availability (Davidson 

and Gu 2012). The plant height, canopy dry weight, and 

root wet weight variables showed an insignificant result. 

This phenomenon is thought to be due to the influence of 

chemical fertilizers application. The application of 

chemical fertilizers causes the plant's nutritional needs to 

be met so that the influence of bacteria in increasing plant 

growth is not well expressed (Timsina 2018). The synthetic 

chemical fertilizer provides nutrients that the plants could 

use directly (Kopittke et al. 2019). Nevertheless, treatments 

in the present study recorded a significant increase in 

canopy wet weight and root dry weight. This increase was 

due to the physiological activity of bacteria in the 

bionematicide formula (Mehmood et al. 2018). 

Tariq et al. (2017) reported that rhizobacteria had dual 

roles as plant protector agent and plant growth promoter. In 

a separate study, Afzal et al. (2019) also reported that 

endophytic bacteria could induce plant growth. Both 

rhizobacteria and endophytic bacteria had similar 

mechanisms in promoting plant growth. Both were reported 

to produce Indole-acetic acid (IAA), or commonly known 

as auxin. The auxin hormone plays an essential role in 

plant growth (Li et al. 2016). Kunkel and Harper (2018) 

reported that auxin phytohormone could induce root 

growth, regulate cell enlargement, promote plant cell 

elongation, increase apical dominance and xylem 

differentiation. Auxin is primarily found in seed embryos 

and meristematic tissue that grow actively, such as plant 

sprouts, root tips, and twig/leaf tip (Casanova-Sáez et al. 

2021). In a separate study, Wagi and Ahmed (2019) 

reported that bacteria from the Bacillus sp. group could 

produce auxin and promote plant growth. Besides, bacteria 

from Pseudomonas sp. and Serratia sp. groups were also 

reported to produce IAA (Kudoyarova et al. 2017). The 

IAA production by bacteria was reported in various 

numbers, depending on the bacteria types and their 

environment (Çakmakçı et al. 2020).        

 In this study, the application of bionematicide formula 

with the active ingredients of rhizobacteria and endophytic 

bacteria was also able to enhance the results. The fruit 

weight and diameter in plants treated with P4 treatment 

showed the best and significantly different results than 

other treatments. Liu et al. (2017) reported that the 

biological agent from the bacteria group had several 

mechanisms to increase plant growth. Bacillus sp. and 

Pseudomonas sp. were reported as bacteria with good 

nitrogen fixation capability (Santoyo et al. 2016) . Nitrogen 

is an essential nutrient element required by plants for 

growth and development (Leghari et al. 2016). Also, the 

biological agent can release P bound with Al and Fe in soil. 

In some cases, P  occurs in soil but cannot be utilized by 

plants due to binding to other elements (Redel et al. 2016). 

The biological agent was reported to produce a phosphatase 

enzyme that could release P bound from other elements 

(Vejan et al. 2016; Divjot et al. 2021). P element is one of 

the essential nutrient elements that contribute to flowering 

and fruit formation in plants. Plants lacking P element were 

reported to have reduced fruit production, or the fruit 

production was far from the genetic potential (Kapoor et al. 

2004). Increased tomato production in plants treated with 

bionematicide formula was closely related to the infection 

level in the root. Plants treated with bionematicide formula 

application at 2% dose showed a lower total of root-knots 

and root damage intensity than the control plant. Berendsen 

et al. (2012)  reported that the health rooting system was a 

critical success in plant production. A similar condition 

was also reported by Munif et al. (2019), who stated that 

tomato plants with health rooting systems showed 32% to 

78% higher results than the plant infected by Meloidogyne 

spp. The nutrient element and water absorptions in healthy 

plant roots allow the plant to have better metabolism, 

producing more fruits (Na et al. 2017).      

The suppression of total root-knots and root damage 

intensity in plants is closely related to the suppression of 

the nematode population in soil and roots. The present 

investigation revealed that the rhizosphere and plant roots 

treated with bionematicide formula resulted in a lower total 

of nematodes in soil and root than the control plants. 

Several studies reported that suppression of total 

nematodes in soil and root was closely related to the 

physiological activity of bacteria (Tran et al. 2019). 

Rhizobacteria and endophytic bacteria can directly or 

indirectly suppress the nematode population. Directly, both 

bacteria can produce extracellular enzymes, such as 

protease and chitinase (Wiratno et al. 2019). Chitinase is an 

enzyme that catalyzes chitin hydrolytic degradation as a 

linear polymer composed of β-1,4-N-acetile-D-

glucosamine (GlcNAc) monomers that are widely 

distributed in nature. This enzyme was reported to be 

capable of lysing the outer nematode structure composed of 

chitin (Jha and Modi 2018). Chitinase is involved in 

inducing plant resistance against plant pathogen attack. The 

chitinase enzyme activity in suppressing the plant-parasitic 

nematodes has been reported by Gupta et al. (2017) and 

Kassab et al. (2017). Besides chitinase, another enzyme 

that contributes to suppress Meloidogyne spp. population in 

the soil is protease. Protease enzyme was reported to be 

capable of degrading root-knot nematode cuticle and eggs 

that are composed of proteins (De Souza Gouveia et al. 

2017; Gomes et al. 2019). Safni et al. (2018) reported that 

bacteria with the capability of producing chitinase and 

protease enzymes could in vitro lyse Meloidogyne spp. 

nematode stylet.        

Liu et al. (2020) stated that bacteria from Bacillus 

genus effectively suppressed root-knot nematodes in soil in 

the greenhouse experiment. Nishantha et al. (2018) 

reported that Pseudomonas fluoroscens effectively 

suppressed total of root-knots and root damage intensity 

due to Meloidogyne spp. infection. Another study reported 

that the biological agent from rhizobacteria and endophytic 

bacteria groups could suppress the total of nematode eggs 

in tomato plant rooting system (Mardhiana et al. 2017; 

Viljoen et al. 2019). 

This study concluded that the application of cost-

effective bacteria-based bionematicide formula is effective 

at 2% concentration and 100 ml per plant dose on once in 2 

weeks interval, which can suppress the population of root-
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knot nematode in soil and root and total of root-knot 

nematode eggs. This suppression depends on the total of 

knots formed and root damage intensity in tomato plants. 

Decreased pathological variables are correlated with the 

increased growth, as presented from the increased canopy 

wet weight, root dry weight, fruit weight, and fruit 

diameter.   
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